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SUMMARY Survivors of out-of-hospital ventricular fibrillation (VF) are at high risk for recurrent VF, probably reflecting continued myocardial electrical instability. In this study 12-lead ECGs of 125 VF survivors with coronary heart disease were examined and compared to those of 98 ambulatory post-MI patients. The study was part of an effort to define clinical identifiers of patients likely to develop sudden cardiac death. Ventricular fibrillation survivors more commonly had premature ventricular complexes (PVCs): 30% versus 13% (P < 0.01). In addition, ECGs of VF survivors showed a significantly VENTRICULAR DYSRHYTHMIAS are found both in healthy adult subjects as well as cardiac patients,1-3 and the mere presence of ventricular ectopy does not explain the increased risk of some groups of patients for sudden cardiac death. 4 Han and others have demonstrated that temporal dispersion of repolarization facilitates re-entrant ventricular tachydysrhythmias which would otherwise terminate when confronted with uniformly homogeneous refractoriness of the ventricles.5" Numerous conditions and pharmacologic interventions have been shown to enhance dispersion of refractoriness and lower ventricular fibrillation (VF) threshold. 8 There is also considerable clinical evidence correlating prolongation of QT interval with sudden cardiac death;9-1 this includes two congenital syndromes associated with ventricular tachycardia and VF in children. '2-'4 Survivors of out-of-hospital VF appear to have a sustained propensity for recurrent VF,15 reflecting a continuing state of myocardial electrical instability. The purpose of this study was to examine the ECGs of VF survivors for findings characteristic of this group. We directed particular attention to QT interval prolongation and to other repolarization abnormalities indicative of electrical heterogeneity.6 9 16 greater prevalence of ST-segment depression (46% versus 10%), T wave flattening (52% versus 26%), and QT, prolongation (35% versus 18%). It is proposed that these repolarization abnormalities represent asynchronous repolarization, which together with frequent PVCs, may set the stage for re-entrant ventricular dysrhythmias and ultimately VF. It is also possible that repolarization abnormalities together with premature ventricular contractions might serve as markers of patients with coronary heart disease who are at increased risk for sudden cardiac death.
Methods
Patients resuscitated from out-of-hospital ventricular fibrillation by Seattle's emergency medical care system are monitored at regular intervals in a special follow-up clinic. For this study we examined the electrocardiograms of 169 long-term survivors consecutively enrolled in this clinic during an approximate two-year period. One hundred thirty-five of these patients had coronary heart disease diagnosed by a history of angina, prior myocardial infarction (MI), or coronary arteriography. We excluded from this study the ECGs of eight patients with right or left bundle branch blocks and two others with pacemakers (as well as the 34 patients who did not have coronary heart disease). Hence the study group (VF patients) was composed of 125 resuscitated patients with coronary heart disease. Our control population consisted of 100 ambulatory patients who had sustained prior MI without VF;.two ECGs with bundle branch blocks were excluded from analysis, leaving 98 in the control group (MI patients). The interval from VF to index ECG averaged 14 months, and from MI to index ECG 20 months.
Twelve-lead resting ECGs of both VF and control subjects were processed by the same technicians and mounted on identical forms so that the group from which the ECG came could not be identified. Each ECG was assigned a randomly selected code number, and read by a single reader (R.E.H.). Hewlett Packard electrocardiograph recorders, models 1500 A & B, were used. Maximal paper speed variation between recorders was 0.3%. On each tracing four Q-T intervals were corrected for heart rate as proposed by Bazett'7:
In addition, the Q-T predicted for a given R-R interval was calculated by a formula derived by Ashman"8:
The significance of group comparisons was estimated for continuous variables by the t-test or for proportionality by chi-square analysis.
Results
Mean age of the VF patients was 61 years while that of the Ml patients was 53. Table I indicates that cardiac drugs were taken by proportionately more VF patients than MI patients. While 74% of VF patients were taking cardiac drugs (digitalis, diuretics, antidysrhythmics), 53% of MI patients were taking one or more of these medications at the time their ECGs were recorded. Propranolol was taken by 16% of the VF patients and by approximately the same proportion of MI patients.
As seen in table 2, many ECG findings were approximately equally distributed between the VF and MI groups, including frontal plane QRS axis, P wave abnormalities, QRS amplitude, and prevalence and distribution of transmural myocardial infarctions. All of the MI patients and all except four of the VF patients were in normal sinus rhythm (three with atrial fibrillation and one with A-V junctional rhythm). Prominent U waves were more frequently identified in the ECGs of VF patients, but this difference was not statistically significant when patients on digitalis and other cardiac drugs were excluded from analysis (table 3) . Second or third degree atrioventricular block was not present in either study group; however, two VF patients had pacemakers and were excluded from the study. As shown in figure 1, premature ventricular complexes (PVCs) on the 12-lead ECG were identified in 30% of VF patients compared to 13% of MI patients (P < 0.01). This difference remained significant after exclusion of patients taking digitalis, diuretics, or antidysrhythmics.
Nonspecific ST-segment depression (ST-J 2 0.05 millivolt below the P-R baseline) was more prevalent in the VF group than in the MI group (46% vs 10%; P < 0.001; fig.  2 ). In the majority of instances the ST-segment depression was less than 0.1 millivolt (42 of 57 in the VF group, 10 of 10 in the MI group). Similarly, diffusely flat or small diphasic T waves were found in 52% of VF patients' ECGs, but in only 26% of MI patients' ECGs (P < 0.001). It should be noted, however, that so-called "ischemic" T waves (symmetrically inverted or tall peaked T waves) were slightly more common in MI patients ( fig. 3 ). The group differences in ST and T wave configuration were also statistically significant after exclusion of patients on cardiac drugs (table 3 ).
An unexplained finding was that of a slower average heart rate in the MI patients than in the VF patients (63 vs 71 beats per min). This was independent of drug therapy (table  3) . The mean uncorrected Q-T interval was slightly longer in the MI patients, but when corrected for heart rate the Q-T, was significantly longer in the VF patients ( fig. 4 and table   3 ). The upper limit of normal Q-T, is generally considered to be 440 milliseconds. While 18% of MI patients exceeded this limit, 35%, or twice the proportion of VF patients did so (P < 0.01; fig. 4 ). Using Ashman's formula,'8 we calculated the Q-T interval expected for each patient's average R-R interval, and compared the observed Q-T intervals with the predicted values. In both MI and VF groups the observed Q-T usually exceeded the predicted. However, the magnitude of difference was greater in the VF group, particularly when patients on cardiac drugs were excluded (table 3) . Also, significantly more VF patients exceeded Ashman's upper limits of normal QT than did MI patients (P < 0.001, table 3). In the above group comparisons, the relative Q-T prolongation remained significantly greater in the VF group even after exclusion of patients on digitalis, diuretics, and antidysrhythmic drugs. Discussion In patients with coronary heart disease, PVCs are associated with increased risk of sudden death.9 19-26 Yet a majority of middle-aged adults with no apparent heart disease also have ventricular dysrhythmias" 2 with little effect on mortality.' Similarly, only in rare instances is VF produced by asynchronous implanted pacemakers, in spite of countless ectopic pacer stimuli occurring throughout the "6vulnerable" portion of the electrical cardiac cycle. It is clear that a predisposing state of myocardial vulnerability is necessary for PVCs to initiate VF. 121 Survivors of out-of-hospital VF have a marked propensity for recurrent VF.'5 The ECGs of such survivors then might demonstrate evidences of vulnerability premonitory for VF. And indeed, when compared with post-MI patients, the ECGs of VF survivors more commonly showed ventricular ectopy, ST-segment depression, T-wave flattening, and QT, prolongation. These differences between the groups were independent of drug therapy.
It seems plausible that these findings have relevance to the underlying mechanisms initiating VF. As has been described by others, these repolarization abnormalities may well reflect asynchronous repolarization, which has been shown to play a significant role in sustained re-entrant tachydysrhythmias.5 Furthermore, increased ventricular ectopy, regardless of its genesis, could act as a trigger mechanism in a vulnerable myocardium with lowered VF threshold. It is possible that the observed ECG abnormalities might be consequent to the previous episodes of VF rather than markers of susceptibility to past or future events. However, the observations reported here are consonant with other studies in which increased vulnerability to VF has been reported. Thus, the multicenter Coronary Drug Research Group reported PVCs in 11.5% of resting 12-lead ECGs of post-MI patients (a figure comparable to our rate of 13% in post-MI patients), and noted that patients with PVCs had a significantly higher incidence of sudden death during followup. 27 Abildskov and colleagues, using multiple leads thought to ve sensitive to local cardiac potentials, found an association between vulnerability to dysrhythmia and repolarization abnormalities.28 Surawicz has pointed out that repolarization abnormalities are encountered in many conditions known to predispose to experimental VF.8 One such conditionhypokalemiahas been found in a high proportion of survivors of out-of-hospital VF.29 In addition, Vismara and co-workers as well as the Coronary Drug Research Group have reported ST-segment depression as an independent predictor of sudden death in patients with coronary heart disease. 19' 30 The relationship between Q-T interval prolongation and sustained ventricular dysrhythmias is now well recognized.9`1 31 This is particularly evident in two congenital syndromes responsible for sudden death in children. '2-14 Furthermore, Wolf and Schwartz have reported an increased incidence of prolonged QT intervals in post-MI patients who subsequently developed sudden death."0 The QT interval is a labile measurement and is subject to a host of influences, including the autonomic nervous system.
In conclusion, it is tempting to speculate that repolarization abnormalities and frequent ventricular ectopy may have been present in our patients prior to their first episode of VF and set the stage for that catastrophic event. If so, these electrocardiographic observations could have practical significance in helping to identify patients at high risk for sudden death so that preventive measures might ultimately be instituted in appropriately selected patients.
